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The effect of environmental conditions on the functional traits of the
endemic species Seseli olivieri Boiss.
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Abstract. Seseli olivieri (Apiaceae) is an exclusive species of the Alborz Mountains, Iran. In this research, the effect of
environmental conditions on the vegetative traits and essential oil compounds of this species was investigated. For this
purpose, three habitats with different heights were selected and the vegetative characteristics of this species were
measured. In each habitat, soil samples and flowering branches of this species were collected and analyzed in the
laboratory. The relationship between the functional traits of this species and environmental factors was determined
using CA and PCA. Variance analysis of functional traits and soil parameters showed a significant difference between
the three habitats. The highest values of vegetative traits were related to Tuyeh habitat. In Tange Kavard habitat, the
main effective substances were Apiol and cis-Cadina-1(6),4-diene; in Enzo habitat, Apiol and Bornyl acetate; and in the
Tuyeh habitat, Bornyl acetate and a-Pinene. Among the environmental factors, altitude, annual precipitation, annual
temperature, minimum temperature of the coldest month, minimum absolute temperature, lime and nitrogen had the
most significant correlation with the functional traits of this plant. Based on the IUCN criteria, the conservation status
of this species was determined in the critically endangered.
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Figure 1. S. olivieri in natural habitat.
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Table 1. Characteristics of S. olivieri sampling areas.
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Sampling site Longitude (E) | Latitude (N) | Altitude (m) | Aspect Slope (%)
Shahmirzad, Tange Kavard 53°28'07" 36°02' 38" 1720 E 40-45
Mahdishahr, Enzo 53°24'48" 35°45'37" 2010 N 50-55
Damghan, Tuyeh 53°49' 24" 36°02' 58" 2330 N 60-70
N Jgos axlsl
Table 1. Continued.
Sampling site Annual Annual Maximum Minimum Absolute Absolute
precipitation | temperature | temperature of | temperature of | maximum minimum
(mm) (°C) the hottest the coldest temperature | temperature
month (°C) month (°C) (°C) (°C)
Tange Kavard 197.5 13.9 19.2 8.6 37.7 -15.7
Enzo 227.4 12.2 17.5 6.9 36 -17.4
Tuyeh 2415 10.3 16.5 4.3 35.1 -18.5
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Table 2. Variance analysis of vegetative traits of S. olivieri.

Sources of d.f. Mean Squares
variations Height Canopy Canopy Leaf area Biomass
diameter cover
Habitat 2 66.074* 636.817*** 6.761*** 0.962** 174.781*
Experimental error 42 16.016 12.508 0.170 0.067 42.372

*, ** and ***: significant at 5, 1 and 0.1% probability levels, respectively

Seseli olivieri g, olio (lae Bl sl ) 1Ske duslio —Y Jgus
Table 3. Comparison of mean (£SD) vegetative traits of S. olivieri.

Morphological traits Areas
Tange Kavard Enzo Tuyeh
Height (cm) 38.04+4.88 40.64+4.27 45.22+2.44
Canopy diameter (cm) 14.40+1.88 24.10+4.45 36.90+3.76
Canopy cover (%) 0.41+0.10 1.17+0.44 2.69+0.55
Leaf area (cm?) 1.41+0.12 1.63+0.10 2.25+0.42
Biomass (g) 28.52+3.13 31.22+2.81 39.84+10.46
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Table 4. S. olivieri essential oil compounds in three habitats.
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No Compounds RI Major Tange Enzo Tuyeh
components Kavard
1 a-Pinene 940 MH 0.86 11.89 16.24
2 Camphene 956 MH 2.08 1.56 -
3 Sabinene 975 MH 0.52 0.43 1.49
4 B-Thujene 981 MH 0.75 0.97 5.12
5 B-Pinene 986 MH 0.86 1.28 0.58
6 Limonene 1032 MH 1.39 2.48 -
7 1,8-cineole 1037 oM 1.27 1.86 0.60
8 B-Phellandrene 1040 MH 0.34 2.79 1.12
9 | (2)-p-Ocimene 1050 MH - 0.40 -
10 (E)-B-Ocimene 1065 MH 0.64 0.77 0.99
11 Linalool 1102 oM 0.56 1.19 -
12 | Camphor 1140 oM - - 1.09
13 | Pinocarvone 1166 oM - 0.45 -
14 | o-Terpineol 1201 oM 0.50 - -
15 Myrtenal 1203 oM 0.34 0.69 1.02
16 Bornyl acetate 1290 oM 3.44 16.37 20.71
17 Myrtenyl acetate 1323 oM 1.70 1.41 -
18 | Bicycloelemene 1330 SH 0.76 - -
19 | o-Cubebene 1345 SH 0.31 0.59 1.10
20 a-Ylangene 1372 SH 1.39 1.53 1.52
21 | o-Copaene 1375 SH 1.68 0.59 0.12
22 | ltalicene 1424 SH 1.76 2.26 3.09
23 a-Gurjunene 1434 SH 13.81 7.86 1.97
24 | a-Humulene 1473 SH 0.85 0.49 -
25 | a-Acoradiene 1481 SH 2.33 1.13 1.35
26 | cis-Cadina-1(6),4-diene 1489 SH 14.50 5.97 6.36
27 | trans-Cadina-1(6),4-diene 1501 SH 5.19 2.64 3.22
28 | Epizonarene 1519 SH 0.40 1.85 1.95
29 | Zonarene 1520 SH 0.36 1.25 1.23
30 | Germacrene B 1557 SH - 1.08 1.70
31 Spathulenol 1573 (6] 12.17 4.24 5.37
32 | Caryophyllene oxide 1577 [oF] 3.31 1.16 1.55
33 | y-Eudesmol 1623 0os - - 0.75
34 | a-Muurolol 1640 oS 0.57 0.51 0.54
35 | a-Cadinol 1659 os - - 2.03
36 | 5-iso-Cedranol 1663 0os - - 1.84
37 Apiole 1682 oS 16.23 20.54 3.88
38 | epi-o-Bisabolol 1686 oS 3.89 0.41 0.15
39 (2E,6Z)-Farnesol 1716 oS 1.08 - -
40 n-Tricosane 1768 AH 2.36 - 0.65
41 n-Tetracosane 2294 AH 0.45 0.26 10.17
Total 98.66 98.94 99.50
Monoterpene hydrocarbons (MH %) 7.54 22.57 25.54
Oxygenated monoterpenes (OM %) 7.81 21.98 23.42
Sesquiterpene hydrocarbons (SH %) 43.34 27.26 23.61
Oxygenated sesquiterpenes (OS %) 37.25 26.87 16.11
Others (%) 2.81 0.26 10.82
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Figure 2. Comparison of the main groups of essential oil constituents in different populations; in
each column, means with common letters indicate no significant difference between them at the

5% probability level using the LSD test. MH

= Monoterpene Hydrocarbons, OM= Oxygenated

Monoterpenes, SH= Sesquiterpene Hydrocarbons, OS= Oxygenated Sesquiterpenes.
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Table 5. Analysis of variance of S. olivieri essential oil compounds.

Sources of d.f. Mean Squares
variations Apiol Bornyl acetate a-Pinene cis-Cadina-1(6),4-diene
Habitat 2 373.852*** 403.690*** 314.405*** 115.922***
Experimental 6 2.807 2.802 2.194 1.084
error
Sources of d.f. Mean Squares
variations a-Gurjunene Spathulenol trans-Cadina- n-Tetracosane
1(6),4-diene
Habitat 2 175.174*** 92.039*** 8.994** 160.735***
Experimental 6 1.197 1.550 0.784 0.248
error
Sources of d.f. Mean Squares
variations Italicene B-Thujene Caryophyllene epi-a-Bisabolol
oxide
Habitat 2 2.247*** 30.335*** 6.577*** 21.858***
Experimental 6 0.687 0.362 0.407 0.285
error

** and ***: significant at 1 and 0.1% probability levels, respectively
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Table 6. Comparison of the mean (+SD) compositions of S. olivieri essential oil compounds.

Compounds Areas
Tange Kavard Enzo Tuyeh
Apiole 16.23+1.73 20.5442.08 3.88+1.05
Bornyl acetate 3.44+0.93 16.37£1.79 20.71+2.08
a-Pinene 0.86+0.24 11.89+1.70 16.24+1.90
cis-Cadina-1(6),4-diene 14.49+1.09 5.97+0.91 6.36+1.11
a-Gurjunene 13.81+1.65 7.86+0.74 1.97+0.56
Spathulenol 12.17+1.46 4.24+1.10 5.37+1.15
trans-Cadina-1(6),4-diene 5.19+1.15 2.64+0.52 3.22+0.87
n-Tetracosane 0.45+0.17 0.26+0.12 10.17+0.84
Italicene 1.76+0.49 2.26+0.88 3.09+1.02
B-Thujene 0.75+0.25 0.97+0.31 5.12+0.96
Caryophyllene oxide 3.31+0.94 1.16+0.97 1.55+0.52
epi-a-Bisabolol 3.89+0.91 0.41+0.14 0.15+0.06

Sl o S S Calas il polie w,glS K5 olfysy po ol plis S oleardsSesed 6l ymell el s 4
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Table 7. Variance analysis of soil physicochemical parameters of S. olivieri.

Sources of d.f. Mean Squares
variations pH EC oM N P K
Habitat 2 0.025* 0.269*** 6.181*** 4.209*** 37.800*** | 18540.217***
Experimental error 12 0.005 0.001 0.019 0.002 0.095 14.540
Sources of d.f. Mean Squares
variations Lime SP Sand Silt Clay
Habitat 2 395.128*** | 244.845*** | 1340.0*** | 1486.667*** 6.667*
Experimental error 12 10.289 4.352 5.0 1.167 1.667

*and ***: significant at 5 and 0.1% probability levels, respectively

S.olivieri S ol s sla sl Ghae Blyoul +) Kl anglio —A Jguz
Table 8. Comparison of mean (+SD) soil physicochemical parameters of S. olivieri.

Soil Areas

parameters | Tange Kavard Enzo Tuyeh
pH 7.64+0.03 7.59+0.05 7.50+0.11
EC (ds/m) 0.88+0.03 0.45+0.03 0.51+0.02
OM (%) 1.80+0.18 4.02+0.11 3.02+0.11
N (%) 0.10+0.02 0.23+0.03 1.75+0.06
P (mg/L) 11.20+0.25 9.40+0.22 14.80+0.41
K (mg/L) 37.60+2.99 157.20+4.79 117.30+3.42
Lime (%) 61.87+2.77 53.87+2.90 44.11+3.84
SP (%) 29.51+2.47 40.89+2.09 28.15+1.59
Sand (%) 86.0+1.58 54.0+3.16 76.0+1.58
Silt (%) 2.0+0.71 36.0+1.58 14.0+0.71
Clay (%) 12.0+1.22 10.0£1.0 10.0+1.58
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Table 9. Pearson correlation between vegetative traits and essential oil compounds of S. olivieri with environmental factors.
Altitude Annual Annual Maximum Minimum Absolute Absolute pH
precipitation | temperature | temperature of | temperature of | maximum minimum
hottest month | coldest month | temperature | temperature
Hieght .620* .566* .551* -.522* -.691** 102 -.792** -.361
Canopy diameter .936** 733 -.748** -527* -.918** -.037 -.780** -.595*
Canopy cover .906** .689** - 123** -.517* -.894** -.033 - 751** -.597*
Leaf.area .802** .695** - 775%* -.390 -.851** -.217 - 123** -.831**
Biomass .636* .539* -.610* -.222 -.663** 125 -537* -.601*
Apiole -.660** -.482 .599* 437 749%* 149 .490 .554*
Bornyl acetate .943** .780** - 162** -.651** -.843** -.292 -.678** -.469
a-Pinene .960** .814** -.844** -.604* -.881** -.352 - 122** -.635*
cis-Cadina-1(6),4-diene -.845** -.864** B76** B617* T79%* 194 .625* .509
a-Gurjunene -.954** -.845%* T97** .686** .910** 334 .735%* 725%*
Spathulenol - 764** -.702** .528* .607* .641* 115 .616* .343
trans-Cadina-1(6),4-diene -.603* -.570* .495 .505 463 325 574* .562*
n-Tetracosane .818** .626* - 712*%* -.533* -.868** =211 -.547* -.578*
Italicene 572* 416 -.611* -.282 -.575* -.367 -.048 -.042
B-Thujene .836** .656** - 797** -.472 -.886** -.281 -.613* -.750%*
Caryophyllene oxide -.639* -.558* 495 452 468 319 .600* .495
epi-a-Bisabolol -.867** -.830** .668** .662** 152%* .390 .638* .551*
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Table 9. Continued.
EC oM N P K Lime SP Sand Silt Clay
Hieght -.416 273 .590* .531* .364 -.517* -.271 -.097 128 -.285
Canopy diameter -.677** 438 874** B4T7** .558* -.869** -.149 -.190 246 -.415
Canopy cover -.596* 334 .892** .703** .529* -.843** -.228 -.089 144 -.358
Leaf.area -.525* .263 .835** T17** .381 -.693** -.357 -.006 .060 -.288
Biomass -.378 .168 .648** .551* .254 -.657** -.245 -.003 .030 -.358
Apiole 147 184 -.924%* | - 962** .052 .688** 143%* -.429 .394 .201
Bornyl acetate -.893** 133** 125%* .394 .808** -.879** 217 -.537* .579* -.559*
a-Pinene -.896** 121%* .756** 441 .801** -.866** 142 -.499 547* -.522*
cis-Cadina-1(6),4-diene 971%* -.894%** -517* -.151 -.938** .156** -.353 755** -AT77T** .692**
a-Gurjunene .7190** -514* | -881** | -.650** -.641* .882** .070 .292 -.342 .586*
Spathulenol .926** -.882** -424 -.046 -.930** 712%* -.481 7169** -.803** .701**
trans-Cadina-1(6),4-diene .812** -, 755%* -.312 -.011 -.818** .519* -.455 .663** - 710** .595*
n-Tetracosane -371 .040 .989** .936** .166 -.838** -.556* .220 -.181 -.333
Italicene -.403 .305 578* 440 .284 - 707** -.103 -.125 129 -.352
B-Thujene -.428 105 .974** .907** .232 -.807** -.527* 173 -.125 -.302
Caryophyllene oxide .841** -.768** -.356 -.032 -.838** .539* -.522* .662** - 722%* .540*
epi-a-Bisabolol .956** -.809** -.589* -.252 - 877 * .138** -.375 .667** -.700** .555*
*and **: significant at 5 and 1% probability levels, respectively
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Figure 3. Ordination diagram of environmental variables, vegetative traits and essential oil

compounds of S. olivieri.

Alt= Altitude, An.pre= Annual precipitation, An.tem= Annual temperature, Max.tem= Maximum temperature of the
hottest month, Min.tem= Minimum temperature of the coldest month, Ab.max= Absolute maximum temperature,
Ab.min= Absolute minimum temperature, pH= potential of Hydrogen, EC= Electrical conductivity, OM= Organic
matter, N= Nitrogen, P= Phosphorus, K= Potassium, Lime= Calcium oxide, Gyp= Gypsum, SP= Saturation
percentage, San= Sand, Sil= Silt, Cla= Clay, Hei= Height, Can.dia= Canopy diameter, Can.cov= Canopy cover,
Le.are= Leaf.area, Bio= Biomass, Api= Apiole, Bor.ace= Bornyl acetate, a-Pin= a-Pinene, cis.Cad= cis-Cadina-
1(6),4-diene, tra.Cad= trans-Cadina-1(6),4-diene, a-Gu= a-Gurjunene, Spa= Spathulenol, n-Tet= n-Tetracosane, Ita=

Italicene, B-Thu= B-Thujene, Car.oxi= Caryophyllene oxide, epi-Bis= epi-a-Bisabolol.
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Figure 4. Extent of Occurrence and Area of Occupancy by Seseli olivieri.
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